Key Points {#FPar1}
==========

The efficacy of the rituximab biosimilar CT-P10 and innovator rituximab was comparable after up to two courses of treatment in patients with rheumatoid arthritis.Pharmacokinetics, pharmacodynamics, immunogenicity, and safety profiles up to week 72 were also similar in the two treatment groups.

Introduction {#Sec1}
============

Innovator rituximab (RTX) has been approved for use in patients with rheumatoid arthritis (RA) since 2006 \[[@CR1]\]. Approval of RTX for use in combination with methotrexate in patients with moderate to severe RA that inadequately responded to anti-tumor necrosis factor (TNF) therapy was preceded by randomized controlled trials (RCTs) in which single courses of RTX plus methotrexate led to significant improvements in disease activity compared with placebo or methotrexate alone \[[@CR2], [@CR3]\].

Expiration dates for various RTX patents are approaching and therefore interest has arisen in the development of "biosimilar" versions that might reduce the cost of rituximab therapy and hence increase patient accessibility to this important treatment option. CT-P10 is a biosimilar of RTX that has recently been approved in Europe for use in all indications held by RTX \[[@CR4]\]. CT-P10 has an identical primary structure to RTX and very similar higher-order properties and quality characteristics. Extensive laboratory comparisons of the two drugs have shown that their biological activities are also highly comparable \[[@CR5]\]. A phase I RCT of CT-P10 versus RTX in patients with active RA demonstrated that the pharmacokinetics of the two drugs after a single course of treatment were statistically equivalent, and that their efficacy, pharmacodynamics, immunogenicity, and safety were similar up to week 24 \[[@CR5]\]. Many studies have shown that RTX re-treatment maintains long-term therapeutic benefit \[[@CR6]--[@CR8]\] and, as such, there is interest in the repeated use of CT-P10. To this end, and to allow further comparison of CT-P10 and RTX, patients could receive a second course of treatment in the same phase I RCT and were followed thereafter to investigate efficacy, safety, pharmacokinetics, and other clinical data up to week 72.

Methods {#Sec2}
=======

Patients {#Sec3}
--------

The design of this phase I RCT and patient eligibility criteria have previously been described in detail \[[@CR5]\]. In summary, participants were aged 18--75 years and had a diagnosis of RA according to the revised 1987 American College of Rheumatology (ACR) classification criteria for ≥6 months. Eligible patients also had active RA as defined by ≥6/66 swollen joints and ≥6/68 tender joints with serum C-reactive protein (CRP) ≥1.5 mg/dl or erythrocyte sedimentation rate (ESR) ≥28 mm/h; experienced an inadequate response or were intolerant to anti-TNF agents; received methotrexate treatment (oral or parenteral 10--25 mg/week at stable dose) for at least 12 preceding weeks. Exclusion criteria included prior treatment with more than two biologic agents; allergies/hypersensitivity to murine, chimeric, human, or humanized proteins; history of rheumatic autoimmune disease other than RA (except secondary Sjögren's syndrome); and history of significant systemic involvement secondary to RA. All patients provided written informed consent.

Study Design and Treatment {#Sec4}
--------------------------

This was a multicenter, randomized, two-arm, parallel-group, double-blind phase I study (ClinicalTrials.gov identifier: NCT01534884). The study started at day 0 (≤6 weeks after screening) and extended to week 72. The study was un-blinded to predefined study teams at week 24 for analysis of the primary results; however, the investigators, patients, and other study teams remained blinded to treatment until study end. The protocol for the study was approved by regulatory authorities and the ethics committees of all participating centers. The study was conducted in accordance with the Declaration of Helsinki and the International Conference on Harmonization Good Clinical Practice guidelines.

As previously reported, patients were randomly assigned 2:1, using a computer-generated randomization schedule, to CT-P10 (CELLTRION Inc., Incheon, Republic of Korea) or RTX (Roche, Welwyn Garden City, UK) on day 0 \[[@CR5]\]. Patients received up to two courses of treatment during the study, with each course comprising two intravenous infusions of CT-P10 1000 mg or RTX 1000 mg separated by 2 weeks. All patients were administered a first course of treatment on weeks 0 and 2. A second course of treatment could be administered between weeks 24 and 48. To be eligible for a second course of treatment, it was recommended that patients met the following predefined criteria: (1) Disease Activity Score using 28 joint counts (DAS28) combined with ESR (DAS28-ESR) or CRP (DAS28-CRP) between weeks 24 and 40 showing either no response compared with baseline, as defined by European League Against Rheumatism (EULAR) criteria, or relapse (defined as worsening by ≥20% compared with the best response between weeks 16 and 24); and (2) recovery of B-cell or immunoglobulin (Ig)M levels equal to or higher than the lower limit of normal (LLN) or at least 50% of the baseline value. However, the final decision for initiation of a second course of treatment was made by the investigator. Patients who did not receive the second course of treatment had an end-of-study visit at week 48 unless they withdrew before this time-point. Patients who received a second infusion were followed for 24 weeks after the second course so that the end-of-study visit was held no later than week 72. Oral or parenteral methotrexate (10--25 mg/week) and oral folic acid (≥5 mg/week) were co-administered to all patients throughout the study. Methylprednisolone (100 mg), paracetamol (usually 500--1000 mg), and chlorpheniramine (2--4 mg or an equivalent dose of another antihistamine) were given before each CT-P10 or RTX infusion.

Objective and Endpoints {#Sec5}
-----------------------

The objective of the current analysis was to compare the efficacy, safety, immunogenicity, pharmacokinetics, and pharmacodynamics between CT-P10 and RTX up to week 72. Efficacy assessments at 8-week intervals included DAS28-ESR and DAS28-CRP, Clinical Disease Activity Index (CDAI), Simplified Disease Activity Index (SDAI), and the proportion of patients with a good or moderate response according to EULAR response criteria based on DAS28-CRP. The proportion of patients achieving a clinical response according to the ACR criteria was assessed at weeks 0 and 24 of the second treatment course. Safety assessments included the monitoring of adverse events (including those of special interest such as infections, hypersensitivity/infusion-related reactions, and malignancies or lymphomas). Serum drug concentrations and antidrug antibodies (ADAs) were assessed using an electrochemiluminescent immunoassay method (MSD, Rockville, MD, USA), as described previously \[[@CR5]\]. The limit of detection of the assay used to determine serum drug concentrations was 0.01 μg/ml, and the upper and lower limits of quantification were 10 μg/ml and 0.02 μg/ml, respectively. Samples above the upper limit of the calibration range were diluted. Dilutional linearity was validated by analyzing three replicate quality controls containing 1000 μg/ml CT-P10 at 1:200, 1:400, 1:1000, 1:2000, and 1:10,000 dilutions. Pharmacokinetic endpoints reported here are the serum concentration immediately before the start of the first infusion of the second course (*C* ~min~), maximum serum concentration after the first infusion of the second course (*C* ~max,1~), trough serum concentration before the second infusion of the second course (*C* ~trough~), and maximum serum concentration after the second infusion of the second course (*C* ~max,2~). Pharmacodynamic variables assessed were B-cell kinetics, as measured by a FACScalibur flow cytometer (Becton Dickinson and Company, San Jose, CA, USA), serum Ig and CRP levels, and ESR.

Statistical Analysis {#Sec6}
--------------------

All data are summarized using descriptive statistics by treatment group and study visit. For efficacy, immunogenicity, pharmacokinetic, and pharmacodynamic assessments, data beyond week 24 of the study are reported for patients who underwent a second course of treatment only. The change in DAS28 from baseline was compared between treatment groups using a Student's *t*-test and 95% confidence interval (CI), with a *p* value \<0.05 indicating a statistically significant difference between groups. Analysis of covariance (ANCOVA) using the baseline observation carried forward (BOCF) approach for missing data was used in post hoc sensitivity analyses of DAS28 up to week 48 after the first course of treatment. The Kaplan--Meier method with log-rank test was used in a post hoc analysis to compare the time to re-treatment in patients who received a second course of treatment of CT-P10 or RTX. Safety data are reported for all patients regardless of whether they underwent a second course of treatment.

Results {#Sec7}
=======

Patient Disposition and Baseline Characteristics {#Sec8}
------------------------------------------------

Patient disposition is summarized in Fig. [1](#Fig1){ref-type="fig"}. Briefly, 154 patients were randomly assigned to CT-P10 (*n* = 103) or RTX (*n* = 51). In total, 137 patients (89.0%) completed the first course of treatment (92 \[89.3%\] and 45 \[88.2%\] in the CT-P10 and RTX groups, respectively).Fig. 1Patient disposition. *DAS28* Disease Activity Score using 28 joints, *EULAR* European League Against Rheumatism, *RTX* innovator rituximab

The same proportion of patients in both treatment groups (CT-P10, 66/102 \[64.7%\]; RTX, 33/51 \[64.7%\]) were eligible for a second course of treatment (i.e., had no response or worsening disease activity after the first course and adequately recovered B-cell or IgM levels). A greater proportion of patients in the CT-P10 group initiated a second course of treatment within 48 weeks of the first course compared with the RTX group; however, this difference was not significant (58.3% \[*n* = 60\] vs. 45.1% \[*n* = 23\]; *p* = 0.1233 \[Fisher's exact test\]). The higher re-treatment rate observed in the CT-P10 group was found to be a result of differences in the (protocol-allowable) final decisions of the investigators as to whether or not to initiate a second course in study patients. The most common reasons for eligible patients not being re-treated were maintenance of a good response according to the Visual Analogue Score (VAS)/Health Assessment Questionnaire (HAQ) pain scale (CT-P10, 8 \[7.8%\]; RTX, 5 \[9.8%\]) and safety concerns (i.e., infusion-related reaction or infection during the previous course; CT-P10, 2 \[2.0%\]; RTX, 3 \[5.9%\]); these reasons were reported in similar proportions across the two treatment groups. In addition, Kaplan--Meier comparative analysis showed there was no significant difference (log-rank test) between the two treatment groups in either (1) the time to re-treatment in patients who received a second course (median time in weeks \[95% CI\]: CT-P10, 46.9 \[43.0, 48.1\] vs. RTX, 48.3 \[44.7, not applicable; NA\]; *p* = 0.2044) or (2) the time to eligibility for re-treatment in all eligible patients regardless of whether re-treatment was given (median time in weeks \[95% CI\]: CT-P10, 40.1 \[40.0, 41.4\] vs. RTX, 40.1 \[36.3, 45.1\]; *p* = 0.6433).

Of the 83 patients who started the second course, 78 completed this treatment (Fig. [1](#Fig1){ref-type="fig"}). In total, 12 (11.7%) and 9 (17.6%) patients in the CT-P10 and RTX groups, respectively, withdrew over the course of the whole study. Adverse events were the most common reason for withdrawal (5 \[4.9%\] and 4 \[7.8%\] in the CT-P10 and RTX groups, respectively).

As reported previously, patient demographics were similar between the two groups (Table [1](#Tab1){ref-type="table"}). Patient demographics, baseline disease activity, and prior use of anti-TNF agents were also comparable between the two groups for those entering the second course of treatment, and also for those who received the first course only (Table [1](#Tab1){ref-type="table"}).Table 1Baseline demographics and disease characteristics (safety population who started first \[[@CR5]\] and second course of treatment^a^)CharacteristicsAll patientsReceived first course onlyReceived first and second coursesCT-P10 (*n* = 102)RTX (*n* = 51)CT-P10 (*n* = 42)RTX (*n* = 28)CT-P10 (*n* = 60)RTX (*n* = 23)Age (years)49.8 ± 12.651.3 ± 10.948.4 ± 14.153.7 ± 10.650.8 ± 11.448.4 ± 10.8Sex Female88 (86.3)46 (90.2)36 (85.7)26 (92.9)52 (86.7)20 (87.0) Male14 (13.7)5 (9.8)6 (14.3)2 (7.1)8 (13.3)3 (13.0)Ethnicity Caucasian69 (67.6)35 (68.6)30 (71.4)18 (64.3)39 (65.0)17 (73.9) Asian15 (14.7)9 (17.6)4 (9.5)5 (17.9)11 (18.3)4 (17.4) Other18 (17.6)7 (13.7)8 (19.0)5 (17.9)10 (16.7)2 (8.7)Height (cm)161.9 ± 8.1162.1 ± 8.7161.0 ± 7.1159.6 ± 7.2162.5 ± 8.7165.0 ± 9.6Weight (kg)71.4 ± 17.772.4 ± 16.069.9 ± 14.873.5 ± 16.872.4 ± 19.571.0 ± 15.2Body mass index (kg/m^2^)27.2 ± 6.027.5 ± 5.527.0 ± 5.628.7 ± 5.627.3 ± 6.326.1 ± 5.0Disease duration (years)11.0 ± 7.810.3 ± 9.110.3 ± 6.49.9 ± 9.511.6 ± 8.710.7 ± 8.8CRP (mg/dl)1.8 ± 1.72.1 ± 3.01.4 ± 1.71.9 ± 2.92.0 ± 1.72.4 ± 3.2ESR (mm/h)49.5 ± 24.550.1 ± 26.745.0 ± 20.051.3 ± 28.352.7 ± 26.948.6 ± 25.3RF positive82 (80.4)40 (78.4)34 (81.0)22 (78.6)48 (80.0)18 (78.3)Anti-CCP positive86 (84.3)43 (84.3)36 (85.7)26 (92.9)50 (83.3)17 (73.9)Swollen joint count (66 joints assessed)16.5 ± 8.214.5 ± 7.013.9 ± 7.314.9 ± 7.218.3 ± 8.413.9 ± 6.9Tender joint count (68 joints assessed)27.4 ± 14.827.1 ± 14.225.6 ± 15.824.3 ± 14.328.7 ± 14.130.7 ± 13.5DAS28-CRP6.0 ± 0.96.0 ± 0.95.8 ± 0.95.9 ± 1.06.2 ± 0.86.0 ± 0.7DAS28-ESR6.8 ± 0.96.7 ± 0.96.6 ± 0.96.7 ± 0.96.9 ± 0.86.8 ± 0.8HAQ-DI score1.7 ± 0.71.7 ± 0.71.5 ± 0.71.6 ± 0.81.8 ± 0.61.8 ± 0.5Prior anti-TNF agents 188 (86.3)42 (82.4)37 (88.1)25 (89.3)51 (85.0)17 (73.9) ≥214 (13.7)9 (17.6)5 (11.9)3 (10.7)9 (15.0)6 (26.1)Prior anti-TNF agent status Failure93 (91.2)47 (92.2)37 (88.1)26 (92.9)56 (93.3)21 (91.3) Intolerance9 (8.8)4 (7.8)5 (11.9)2 (7.1)4 (6.7)2 (8.7)Duration of prior TNF-antagonist use (months)18.9 ± 20.323.7 ± 26.716.6 ± 17.724.0 ± 29.620.5 ± 22.023.3 ± 23.4Prior TNF antagonists used^b^ Adalimumab37 (36.3)18 (35.3)16 (38.1)13 (46.4)21 (35.0)5 (21.7) Certolizumab^c^3 (2.9)2 (3.9)1 (2.4)1 (3.6)2 (3.3)1 (4.3) Etanercept30 (29.4)19 (37.3)13 (31.0)12 (42.9)17 (28.3)7 (30.4) Golimumab12 (11.8)3 (5.9)7 (16.7)1 (3.6)5 (8.3)2 (8.7) Infliximab32 (31.4)19 (37.3)9 (21.4)6 (21.4)23 (38.3)13 (56.5) Investigational anti-TNF agent^d^3 (2.9)1 (2.0)1 (2.4)02 (3.3)1 (4.3)Weekly dose of MTX at baseline (mg)15.4 ± 4.815.7 ± 4.114.4 ± 4.115.1 ± 3.816.3 ± 5.016.4 ± 4.4Data are presented as mean ± standard deviation or *n* (%) unless otherwise indicated*CCP* cyclic citrullinated peptide, *CRP* C-reactive protein, *DAS28* Disease Activity Score using 28 joints, *ESR* erythrocyte sedimentation rate, *HAQ*-DI Health Assessment Questionnaire Disability Index, *MTX* methotrexate, *RF* rheumatoid factor, *RTX* innovator rituximab, *TNF* tumor necrosis factor^a^Safety population for each treatment course included all patients who received at least one (full or partial) dose of CT-P10 or RTX during that course. Of these, 83 received a second course of treatment^b^Some patients had previously received two anti-TNF agents^c^Includes certolizumab pegol^d^Refers to any investigational anti-TNF agent

Efficacy {#Sec9}
--------

For patients who received a second course of treatment, DAS28 improvement prior to administration of this course was similar between the two groups. For instance, at week 0 of the second course, the mean change from baseline (week 0 of first course) in DAS28-ESR was −1.00 and −0.79 in the CT-P10 and RTX groups, respectively (*p* = 0.4846 \[95% CI for the difference in change from baseline −0.79, 0.38\]). For DAS28-CRP, the mean change was −0.92 and −0.69, respectively (*p* = 0.4343 \[95% CI −0.80, 0.35\]). Changes in DAS28-ESR, DAS28-CRP, CDAI, and SDAI were comparable between patients treated with CT-P10 and those treated with RTX in the first and the second course (Fig. [2](#Fig2){ref-type="fig"}a--d).Fig. 2Disease activity during the first and second courses of treatment as measured by **a** DAS28-ESR, **b** DAS28-CRP, **c** CDAI and **d** SDAI (efficacy population). Efficacy population for the first course included 100 patients in the CT-P10 and 48 patients in the innovator rituximab treatment groups. Of these, 82 patients received a second course of treatment (59 and 23 patients in the CT-P10 and innovator rituximab treatment groups, respectively). *CDAI* Clinical Disease Activity Index, *CRP* C-reactive protein, *DAS28* Disease Activity Score using 28 joints, *ESR* erythrocyte sedimentation rate, *RTX* innovator rituximab, *SD* standard deviation, *SDAI* Simplified Disease Activity Index

At week 24 after the second course of treatment, the mean change from week 0 of the first course in DAS28-ESR was −2.47 and −2.04 for CT-P10 and RTX, respectively (*p* = 0.1866 \[95% CI −1.1, 0.22\]), with similar decreases observed for DAS28-CRP (−2.32 and −2.00 in the CT-P10 and RTX groups, respectively; *p* = 0.3268 \[95% CI −0.97, 0.33\]). The proportion of patients with a good EULAR-CRP response at week 24 after the second course was comparable between the two treatment groups (Fig. [3](#Fig3){ref-type="fig"}). Patients who did not receive the second course had an end-of-study visit at week 48. The mean change from baseline in DAS28-ESR in patients who did not receive a second course at that time-point (48 weeks after the first course of treatment) was −1.75 and −1.95 in the CT-P10 (*n* = 30) and RTX (*n* = 18) groups, respectively (*p* = 0.5703 \[95% CI −0.50, 0.90\]). For DAS28-CRP, the mean change was −1.50 and −1.71 in the CT-P10 (*n* = 30) and RTX (*n* = 18) groups, respectively (*p* = 0.5453 \[95% CI −0.49, 0.92\]). Post hoc sensitivity analysis of DAS28-ESR and DAS28-CRP in the safety population using the conservative BOCF imputation method demonstrated comparable responses in the CT-P10 and RTX groups up to week 48 after the first course of treatment. For DAS28-ESR, the mean at baseline and adjusted mean at week 24 and week 48 in the CT-P10 versus RTX groups was 6.80 versus 6.74, 4.86 versus 4.85, and 6.37 versus 6.10, respectively. Similar results were also shown for DAS28-CRP (Table [2](#Tab2){ref-type="table"}).Fig. 3Response to first and second treatment courses according to European League Against Rheumatism criteria using C-reactive protein (efficacy population). Efficacy population for the first course included 100 patients in the CT-P10 and 48 patients in the innovator rituximab treatment groups. Of these, 82 patients received a second course of treatment (59 and 23 patients in the CT-P10 and innovator rituximab treatment groups, respectively). *RTX* innovator rituximab Table 2DAS28 up to week 48 after the first course of CT-P10 or innovator ritixumab (safety population^a^; baseline observation carried forward^b^)VisitCT-P10 (*n* = 102)RTX (*n* = 51)DAS28-ESR Baseline6.80 ± 0.866.74 ± 0.85 Week 244.86 ± 0.214.85 ± 0.25 Week 486.37 ± 0.176.10 ± 0.20DAS28-CRP Baseline6.01 ± 0.905.96 ± 0.88 Week 244.12 ± 0.204.09 ± 0.24 Week 485.61 ± 0.165.35 ± 0.19Baseline values are mean ± SD; values at week 24 and 48 are adjusted mean ± SE*ANCOVA* analysis of covariance, *BOCF* baseline observation carried forward, *CRP* C-reactive protein, *DAS28* Disease Activity Score using 28 joints, *ESR* erythrocyte sedimentation rate, *RTX* innovator rituximab, *SD* standard deviation, *SE* standard error^a^All patients who received at least one (full or partial) dose of CT-P10 or RTX^b^In this ANCOVA analysis, missing data and data for visits after re-treatments were imputed using the conservative BOCF approach

At week 0 of the second course of treatment, the proportions of patients achieving a clinical response according to the ACR20, ACR50, and ACR70 criteria were 33.9% (20/59), 8.5% (5/59), and 3.4% (2/59) in the CT-P10 group, and 21.7% (5/23), 4.3% (1/23), and 0 in the RTX group, respectively. At week 24 of the second course, ACR20, ACR50, and ACR70 response rates were 69.5% (41/59), 39.0% (23/59), and 16.9% (10/59) in the CT-P10 group and 39.1% (9/23), 21.7% (5/23), and 4.3% (1/23) in the RTX group, respectively.

Safety {#Sec10}
------

For safety analyses, patients who received only one course of treatment were followed up to week 48. Patients who received a second course were followed for 24 weeks after the first infusion of the second course. Overall, 73 (71.6%) and 43 (84.3%) patients in the CT-P10 and RTX groups, respectively, experienced at least one adverse event (Table [3](#Tab3){ref-type="table"}). Infusion-related reactions were reported in 20 (19.6%) and 10 (19.6%) patients in the CT-P10 and RTX groups, respectively. Infections were observed in 39 (38.2%) and 21 (41.2%) patients in the CT-P10 and RTX groups, respectively (Table [3](#Tab3){ref-type="table"}; also see the Electronic Supplementary Material \[ESM\] 1). Only one malignancy was reported: a patient in the RTX group had a stage 0 cervix carcinoma that was considered unrelated to the study drug. Adverse events leading to treatment discontinuation were reported for 6 (5.9%) and 4 (7.8%) patients in the CT-P10 and RTX groups, respectively. This included two patients (2.0%) in the CT-P10 group (and none in the RTX group) who discontinued the study drug because of infusion-related reactions. No other adverse events leading to discontinuation were reported for more than one patient in either treatment group.Table 3Summary of adverse events during the study (safety population^a^)Adverse eventsCT-P10 (*n* = 102)RTX (*n* = 51)Any adverse event73 (71.6)43 (84.3)Infusion-related reaction20 (19.6)10 (19.6)Infection39 (38.2)21 (41.2)Malignancy01 (2.0)Study drug discontinuation due to adverse event6 (5.9)4 (7.8)Any serious adverse event14 (13.7)7 (13.7)Data are presented as *n* (%)*RTX* innovator rituximab^a^All patients who received at least one (full or partial) dose of CT-P10 or RTX

The proportion of patients who experienced at least one serious adverse event was the same in both groups (13.7%; 14 and 7 patients in the CT-P10 and RTX groups, respectively). Treatment-related serious adverse events occurred in three (2.9%) patients in the CT-P10 group, with one case each of infusion-related reaction, osteonecrosis, and pruritic rash, and in two (3.9%) patients in the RTX group, with one case each of neutropenia and lobar pneumonia. All serious adverse events were resolved with appropriate management. No patients died during the study.

Immunogenicity {#Sec11}
--------------

Immunogenicity results were highly comparable between the two groups after both the first \[[@CR5]\] and the second courses of treatment. At week 24 after the second course of treatment, ADAs were detected in 12 (20.0%) and 5 (21.7%) patients in the CT-P10 and RTX groups, respectively, and neutralizing antibodies were detected in one patient in each group (1.7% and 4.3%, respectively).

Pharmacokinetics and Pharmacodynamics {#Sec12}
-------------------------------------

As summarized in Table [4](#Tab4){ref-type="table"}, the pharmacokinetics of CT-P10 and RTX were similar throughout the second course of treatment. For example, mean ± standard deviation *C* ~max~ after the first infusion (i.e., *C* ~max,1~) was 328.35 ± 123.02 and 353.79 ± 109.35 µg/ml for CT-P10 and RTX, respectively (median *C* ~max,1~: 352.00 and 387.00 µg/ml, respectively). After the second infusion, *C* ~max~ (i.e. *C* ~max,2~) increased to 434.28 ± 92.28 and 440.05 ± 85.62 µg/ml, respectively (median *C* ~max,2~: 435.00 and 462.00 µg/ml, respectively).Table 4Pharmacokinetic endpoints during the second course of treatment (pharmacokinetic population^a^)EndpointCT-P10 (*n* = 57)RTX (*n* = 21)*C* ~min~ (µg/ml) Mean (SD)0.08 ± 0.140.03 ± 0.03 Median (range)0.02 (0.02--0.70)0.02 (0.02--0.12)*C* ~max,1~ (µg/ml) Mean (SD)328.35 ± 123.02353.79 ± 109.35 Median (range)352.00 (25.2--545.0)387.00 (85.6--537.0)*C* ~trough~ (µg/ml) Mean (SD)75.95 ± 25.9380.41 ± 18.64^b^ Median (range)81.30 (25.2--132.0)81.25 (46.0--131.0)^b^*C* ~max,2~ (µg/ml) Mean (SD)434.28 ± 92.28440.05 ± 85.62 Median (range)435.00 (228.0--613.0)462.00 (261.0--575.0)*C* ~*max,1*~ maximum serum concentration after the first infusion of the second course, *C* ~*max,2*~ maximum serum concentration after the second infusion of the second course, *C* ~*min*~ serum concentration immediately before the start of the first infusion of the second treatment course, *C* ~*trough*~ trough serum concentration before the second infusion of the second course, *RTX* innovator rituximab, *SD* standard deviation^a^All patients who received a second course of CT-P10 or RTX and provided sufficient blood concentration data^b^ *n* = 20

Changes in pharmacodynamic parameters were similar between the CT-P10 and RTX groups. In each group, mean CRP and ESR levels decreased from baseline at each time-point. Median B-cell kinetics were similar between the two treatment groups (see ESM 2). B-cell counts decreased to below the lower limit of quantification (LLoQ; 20 cells/µl) in each group immediately after the first infusion and remained below this level up to week 32, after which B-cell counts began to recover. Immediately after the first infusion of the second treatment course, counts once again decreased below the LLoQ in all patients and remained below this level in most patients for the duration of the study. However, this B-cell depletion did not appear to impact immunoglobulin levels. At week 0 of the second course, the number of patients with IgM, IgA, and IgG levels below the LLN was 1 (1.7%), 2 (3.3%), and 0, respectively, in the CT-P10 group and 0, 0, and 1 (4.3%) in the RTX group. Levels were below the LLN on at least one occasion after the start of the second course in 2 (3.3%), 2 (3.3%), and 3 (5.0%) patients, respectively, in the CT-P10 group and in 1 (4.4%), 0, and 1 (4.3%) patients, respectively, in the RTX group. Therefore, most patients were re-treated with low B-cell levels but normal IgM levels in accordance with the re-treatment eligibility criteria.

Discussion {#Sec13}
==========

This multinational phase I RCT compared the effects of treatment with CT-P10 and RTX in patients with active RA over a period of up to 72 weeks. We have previously reported that over the first 24 weeks of the study, the pharmacokinetics of CT-P10 and RTX were equivalent and their efficacy, immunogenicity, and pharmacodynamics were highly similar \[[@CR5]\]. As reported here, data suggest that the biosimilarity of CT-P10 and RTX is continued over an extended period of re-treatment.

Treatments for RA should demonstrate sustained efficacy upon repeated administration, and current guidelines advocate re-treatment as part of the overall disease management strategy \[[@CR9]--[@CR12]\]. Our study was therefore extended beyond week 24 to allow re-treatment based on disease activity. The same proportion of patients in both treatment groups was eligible for a second course of treatment, but more patients in the CT-P10 group than in the RTX group initiated a second course. This was found to be a result of differences in the investigators' final decision to initiate re-treatment. As the study was blinded, and following a thorough investigation, no bias during these re-treatment decisions was found.

The effects of a second course of treatment on efficacy endpoints, including DAS28 scores and EULAR response rates, were highly comparable between the CT-P10 and RTX groups. Post hoc sensitivity analysis of DAS28 using the BOCF imputation method up to week 48 after the first course of treatment also demonstrated comparable responses between groups, supporting these primary findings. In this ANCOVA analysis, data for visits after re-treatments were considered missing data and imputed with other missing data using the BOCF approach. Decreases in DAS28 scores observed in our study were generally similar to those described after administration of RTX as a single course and after re-treatment in other studies of RA \[[@CR3], [@CR13]--[@CR15]\]. In addition, the proportion of patients with a good or moderate EULAR response in both groups of our study at week 24 after the second treatment course was broadly in line with the proportion of good (15%) and moderate (50%) responders during a single course of treatment in the phase III REFLEX (Randomized Evaluation of Long-term Efficacy of Rituximab in RA) study that first established the superiority of RTX/methotrexate over placebo/methotrexate \[[@CR3]\]. Similarly, in the SUNRISE (Study for Understanding Rituximab Safety and Efficacy) trial, which investigated the efficacy and safety of re-treatment with RTX, 21 and 48% of patients achieved a good and moderate EULAR response, respectively, after a second course of treatment \[[@CR7]\].

Some numerical differences were observed between the CT-P10 and RTX treatment groups in the proportion of patients achieving a clinical response according to the ACR20, ACR50, and ACR70 criteria at weeks 0 and 24 of the second treatment course. However, it is likely that the small sample sizes, particularly the small number of patients in the RTX group who received a second treatment course, will have had an impact on these response data.

The extended duration of this RCT allowed further comparison of the safety profiles of CT-P10 and RTX in patients with RA. Both drugs displayed an acceptable safety profile, with similar adverse events observed in each treatment group. Once again, safety findings were very much in keeping with data reported in REFLEX \[[@CR3]\] and other trials of RTX, including SUNRISE \[[@CR7]\]. The mechanism of action of RTX has led to special interest in the frequency of infections following treatment. However, a meta-analysis of RCTs involving the use of RTX to treat RA did not show a significant increase in the rate of serious infections with RTX treatment versus placebo \[[@CR16]\], and a global clinical trial program that followed patients for up to 11 years found that the serious infection rate in patients treated with RTX remained stable over time \[[@CR17]\]. Overall, 39 (38.2%) and 21 (41.2%) patients in the CT-P10 and RTX groups, respectively, experienced an infection. Notably, data from the AutoImmunity and Rituximab registry have shown that the incidence of infection with RTX in current practice is similar to that in clinical trials \[[@CR18]\]. Based on the results of this study, it seems reasonable to assume that the proportion of patients experiencing an infection with repeated exposure to CT-P10 will not be different from that observed in the 'real world' with RTX.

Infusion-related reactions were observed in 20 (19.6%) and 10 (19.6%) patients in the CT-P10 and RTX groups, respectively, in our study. Infusion-related reactions leading to permanent study discontinuation were reported for 2/102 (2.0%) patients in the CT-P10 group and for none in the RTX group. One patient from the CT-P10 group reported a grade 2 infusion-related reaction at the first infusion of the second treatment course but recovered without sequelae and without need for any treatment. Another patient from the CT-P10 group reported a grade 2 infusion-related reaction at the second infusion of the second treatment course but recovered without sequelae after treatment with chlorpheniramine maleate and hydrocortisone. Both of these events were considered non-serious by the investigator.

The proportion of patients with ADAs in this study (18 \[17.6%\] and 9 \[17.6%\] for CT-P10 and RTX, respectively, at week 24 after the first course \[[@CR5]\] and 12 \[20.0%\] and 5 \[21.7%\], respectively, at week 24 after the second course) was higher than previously reported (12.7%) \[[@CR19]\]. This finding is likely due to the use of a more sensitive ADA assay in our study. The number of patients with neutralizing antibodies was low and similar between groups at week 24 after both the first and the second treatment courses.

Data from the first 24 weeks of this RCT established the pharmacokinetic equivalence of CT-P10 and RTX \[[@CR5]\]. Similarity of pharmacokinetics was also evident after the second course of treatment. For example, highly comparable mean *C* ~max~ values were obtained with CT-P10 and RTX after the second infusion of the second treatment course (434.28 and 440.05 µg/ml, respectively). Findings for pharmacodynamic parameters, including B-cell counts and serum levels of CRP and ESR, were also similar between the CT-P10 and RTX groups. Decreases in CD20-positive cell count observed in both groups of our study are in line with other trials with RTX \[[@CR2], [@CR3], [@CR20]\]. Likewise, reductions in CRP and ESR are consistent with the effects of B-cell depletion treatment described in previous studies \[[@CR21]\].

Although a number of RTX biosimilars for the treatment of RA are in development \[[@CR22], [@CR23]\], CT-P10 is the first to demonstrate biosimilarity to RTX in the clinical setting. Limitations of the current analysis include the relatively small number of patients who received a second course of treatment (*n* = 83) and that not all clinically eligible patients were re-treated. Furthermore, as this trial was powered to formally assess pharmacokinetic equivalence, it was only possible to demonstrate comparable clinical efficacy between the two drugs in this study. However, a recently completed phase III RCT in a larger population of patients with RA indicates that CT-P10 and RTX are also therapeutic equivalents \[[@CR24]\].

Conclusions {#Sec14}
===========

This study demonstrated that the treatment of patients with RA with up to two courses of CT-P10 is associated with efficacy, safety, immunogenicity, pharmacokinetics, and pharmacodynamics that are similar to those of its innovator drug, RTX. Based on these data, further long-term comparisons of CT-P10 and RTX in RA are justified.
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